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A bolt for use with a hydraulic disc brake caliper. The bolt
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head. The shaft includes a threaded portion having a diameter,
at least one channel defined in the outer surface of the
threaded portion, first and second reduced diameter portions
defined at least partially circumferentially around the shaft
and a blocking portion separating the first and second reduced
diameter portions.
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1
ONE PIECE HYDRAULIC DISC BRAKE
CALIPER WITH ONE WAY PLUMBING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. patent
application Ser. No. 12/498,133, filed Jul. 6, 2009, the
entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to hydraulic disc brakes, and
more particularly, to a hydraulic disc brake caliper with one
way plumbing.

BACKGROUND OF THE INVENTION

In recent years, certain high performance bicycles have
included hydraulic disc brakes. Hydraulic disc brake systems
typically include a caliper housing, a first movable brake pad
and a second fixed or movable brake pad. The movable brake
pad is typically attached to a piston that is movable in
response to fluid pressure applied via a hydraulic fluid con-
duit in the caliper housing. The brake pads are positioned on
either side of a rotor, which is attached to the front or back
wheel of a bicycle. Upon the application of fluid pressure to
the piston or pistons, the brake pads come into contact with
the rotor, thereby applying frictional resistance and causing
the bicycle to slow down or stop.

Hydraulic disc brake systems for bicycles are typically
actuated by a brake lever attached to a bicycle handlebar.
They also typically include a master piston in a master cylin-
der which is actuated by the brake lever. The master cylinder
contains a hydraulic fluid and is in fluid communication with
the disc brake caliper via a fluid conduit. The brake pads are
typically spaced apart from the rotor by a predetermined gap.
As the lever is contracted towards the handlebar, the master
piston moves, thereby forcing liquid out of the master cylin-
der and into a conduit connected to the caliper housing. The
movement of fluid into caliper housing causes the pistons to
move, eventually bringing the brake pads into contact with
the rotor.

When initially filling the hydraulic disc brake system (in-
cluding the master cylinder and the caliper), the system must
be bled to remove gas bubbles from the system and optimize
performance of the brakes. Many prior art calipers include a
branched hydraulic fluid pathway therein. In other words,
after the fluid enters through the fluid inlet, it branches into
two separate conduits, one that goes to one piston and another
that goes to the piston on the other side (and another branch to
the fluid outlet). This can make bleeding the brakes difficult
because the bubbles get caught in the various branches. A
need exists for a hydraulic disc brake caliper that is easy to
bleed.

SUMMARY OF THE PREFERRED
EMBODIMENTS

In accordance with one aspect of the present invention,
there is provided a hydraulic disc brake caliper that includes
a housing that has first and second side portions and first and
second end portions that cooperate to define a braking open-
ing, first and second piston receiving openings and first and
second fluid openings. The housing also includes a bolt
received in the second fluid opening that includes a shaft
having a portion of a fluid path defined in the outer surface
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thereof that includes at least one channel and at least one
reduced diameter portion. The fluid path extends from the
first fluid opening to the second fluid opening. The at least one
channel and the at least one reduced diameter portion are part
of' the fluid path and are in fluid communication between the
first and second piston receiving openings.

In accordance with another aspect of the present invention,
there is provided hydraulic disc brake caliper that includes a
housing having first and second side portions and first and
second end portions that cooperate to define a braking open-
ing. The housing also includes first and second fluid openings
defined therein and a fluid path. A bolt is received in the
second fluid opening in the housing. The bolt includes a shaft
having a portion of a fluid path defined in the outer surface
thereof that includes at least one channel and at least one
reduced diameter portion. The at least one channel and the at
least one reduced diameter portion are in fluid communica-
tion. The fluid path extends from the first fluid opening
through the portion of the fluid path defined in the outer
surface of the bolt, and to the second fluid opening. In a
preferred embodiment, the portion of the fluid path defined in
the outer surface of the bolt includes first and second reduced
diameter portions that are separated by a blocking portion and
the fluid path extends from the first fluid opening, through the
at least one channel, through the first reduced diameter por-
tion, through the second reduced diameter portion and to the
second fluid opening.

In accordance with another aspect of the present invention,
there is provided a bolt for use with a hydraulic disc brake
caliper. The bolt includes a head and a shaft extending out-
wardly from the head. The shaft includes a threaded portion
having a diameter, at least one channel defined in the outer
surface of the threaded portion, first and second reduced
diameter portions defined at least partially circumferentially
around the shaft, and a blocking portion separating the first
and second reduced diameter portions.

The present invention is applicable to all types of devices
and is not limited to bicycles.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more readily understood by referring
to the accompanying drawings in which:

FIG. 1 is a side elevational view of a bicycle with a front
disc brake assembly and a rear disc brake assembly in accor-
dance with an embodiment of the present invention;

FIG. 2 is a side elevational view of the front disc brake
assembly coupled to a front fork and a front disc brake oper-
ating mechanism of the bicycle illustrated in FIG. 1;

FIG. 3 is a side elevational view of the rear disc brake
assembly coupled to a rear fork and a rear disc brake operat-
ing mechanism of the bicycle illustrated in FIG. 1;

FIG. 4 is a perspective view of a bolt for use with a one
piece hydraulic disc brake caliper in accordance with an
embodiment of the present invention;

FIG. 5 is a perspective view of a one piece disc brake
caliper with the bolt of FIG. 4 and showing the conduits and
ports it hidden lines;

FIG. 6 is a cross-sectional top plan view of the disc brake
caliper of FIG. 5 taken along line 6-6 of FIG. 5;

FIG. 7 is a cross-sectional top plan view of the disc brake
caliper of FIG. 5 taken along line 7-7 of FIG. 5, which
includes the pistons and brake pads; and

FIG. 8 is a schematic showing the fluid path in the conduits
and bolt of the disc brake caliper of FIG. 5.
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Like numerals refer to like parts throughout the several
views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring initially to FIGS. 1-8, a preferred embodiment of
abicycle disc brake caliper 11 is described. Bicycle disc brake
caliper 11 is preferably a hydraulic brake disc caliper opera-
tively connected to a hydraulic brake lever assembly.

It will be appreciated that terms such as “front,” “back,”
“top,” “bottom,” “side,” and the like used herein are merely
for ease of description and refer to the orientation of the
components as shown in the figures. It should be understood
that any orientation of the caliper 11 and the components
thereof described herein is within the scope of the present
invention.

As shown in FIG. 1, a bicycle 10 with a front disc brake
assembly 12 and a rear disc brake assembly 14 is illustrated in
accordance with a preferred embodiment of the present
invention. Other than the calipers, the front and rear disc
brake assemblies 12 and 14 are relatively conventional fluid
operated disc brakes fixedly coupled to a frame 13. Therefore,
many of the components of the disc brake assemblies 12 and
14 will not be discussed or illustrated in detail herein except
as modified by the preferred embodiments of the present
invention, as discussed below. Furthermore, it will be under-
stood that the bicycle disc brake caliper 11 can be used with
either the front disc brake assembly 12 and a rear disc brake
assembly 14.

Specifically, front disc brake assembly 12 is fixedly
coupled to a front fork 15 of frame 13, and rear disc brake
assembly 14 is fixedly coupled to rear fork 17 of frame 13.
Frame 13 includes a handle bar 19 mounted to front fork 15 to
steer the bicycle 10. Bicycle 10 includes a pair of wheels 16
rotatably coupled to the bicycle frame 13. One wheel 16 is
coupled to front fork 15, and one wheel 16 is coupled to rear
fork 17. Each wheel 16 has a disc brake rotor 18 fixedly
coupled thereto in a conventional manner.

The bicycle 10 and various components thereof are rela-
tively conventional. Therefore, bicycle 10 and its various
components will not be discussed or illustrated in detail
herein, except as these components relate to bicycle disc
brake caliper 11 and front and rear disc brake assemblies 12
and 14 in accordance with the preferred embodiments of the
present invention. Moreover, front and rear disc brake assem-
blies 12 and 14 are substantially identical. Therefore, it will
be understood that caliper 11 can be used with both front disc
brake assembly 12 or rear disc brake assembly 14. It will
further be understood that the front and rear disc brake assem-
blies 12 and 14 can include calipers 11 that have any number
of pistons therein. For example, the calipers 11 shown in
FIGS. 2 and 3 are four piston type calipers. However, the
calipers 11 shown in FIGS. 5-8 include only two pistons.
Accordingly, a caliper with any number of pistons is within
the scope of the present invention provided the calipers 11
include one-way plumbing, as described below.

Front disc brake assembly 12 basically includes caliper 11
and a brake operating mechanism or lever assembly 28a.
Caliper 11 includes a caliper housing 20, a pair of friction
members 22, and a plurality of pistons 24 disposed in the
housing 20 (as shown in FIG. 7). Caliper housing 20 is fixedly
coupled to front forks 15 in a conventional manner using
threaded fasteners. First and second friction members 22 are
coupled to caliper housing 20 to form a rotor receiving slot
therebetween. At least one of the friction members 22 is
movable relative to caliper housing 20, and preferably both
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friction members are movable relative to caliper housing 20.
At least one piston 24 is movably coupled to caliper housing
20. Preferably, each piston 24 is movably coupled to caliper
housing 20.

Referring to FIGS. 5-8, caliper housing 20 is preferably
formed of rigid metallic material such as cast aluminum. In a
preferred embodiment, caliper housing 20 is formed as a
single unit or piece. In other words, it is not formed as two
halves that are bolted together, as is common in prior art
calipers. However, in an alternative embodiment, the caliper
housing 20 can comprise two separate halves that are fixedly
coupled together by a plurality of bolts. Caliper housing 20
includes a first fluid opening or fluid inlet 32 for receiving a
fluid, typically hydraulic oil. Caliper housing 20 also includes
a second fluid opening or fluid outlet 34 for receiving a bolt
50. The first and second fluid openings 32 and 34 can be
threaded, but do not have to be.

Caliper housing 20 preferably includes at least two ports or
piston receiving openings 36a and 365 for receiving a piston
24, as shown in FIGS. 5-8. The piston receiving openings 36a
and 365 are arranged to oppose one another. As shown in FIG.
7, each piston 24 is arranged to move one of the friction
members 22 toward disc brake rotor 18 (the braking direc-
tion).

Each piston receiving opening 36 is preferably an annular
opening sized and configured to receive one of the pistons 24
therein. Moreover, each piston receiving opening 36 also
preferably includes a circumferential groove 41 for receiving
a sealing member 38 for preventing fluid from escaping there-
from.

The seals are annular members formed of a resilient mate-
rial such as rubber or flexible plastic. Each seal acts to cir-
cumferentially seal the internal area of one of the piston
receiving openings 36 from the outside of caliper housing 20
when pistons 24 are arranged in piston receiving openings 36.
Therefore, when actuating fluid is supplied to piston receiv-
ing openings 36, pistons 24 are moved toward rotor 18.
Accordingly, friction members 22 are also moved toward disc
brake rotor 18 to produce a stopping action on rotor 18, and
therefore, wheel 16.

Preferably, caliper housing 20 has two friction members
movably coupled thereto, as discussed above. Moreover, fric-
tion members are preferably movably coupled to caliper
housing 20 such that a rotor receiving slot is formed therebe-
tween. Hach friction member basically includes a plate with a
friction material fixedly coupled thereto in a conventional
manner. Each plate is preferably formed of a rigid metallic
material in a conventional manner. Each plate includes a
mounting hole for slidably receiving a mounting pin there-
through. Mounting pin is partially threaded at one end and
receives a securing member on the opposite end to secure
friction members to caliper housing in a conventional manner.
Drawings showing these components are shown in U.S. Pat.
No. 6,491,144, the entirety of which is incorporated herein by
reference.

Generally, as is best shown in FIG. 6, the caliper housing 20
is comprised of four sections or portions, first and second side
portions 264 and 265 and first and second end portions 27a
and 275, that cooperate to define a braking opening 25.

Piston receiving openings 36a and 364 are in fluid com-
munication with first and second fluid openings 32 and 34 via
a network of fluid conduits 37 and the fluid path defined
through bolt 50 (discussed below). Thus, when actuating/
hydraulic fluid is supplied to caliper housing 20, the actuating
fluid flows through the network of conduits 374, 376, 37¢ and
37d, through the fluid path in bolt 50 and into the piston
receiving openings 36. For ease of description and because



US 9,057,395 B2

5

the conduits 37a, 37b, 37¢ and 37d operate in generally the
same manner, the conduits may be referred to herein generi-
cally without the “a,” “b,” etc. suffix (same with the piston
receiving openings 36a and 365). For example, the conduits
may be referred to individually as first conduit 37a, second
conduit 374, third conduit 37¢ or fourth conduit 374 or they
may be referred to generically as conduit(s) 37.

As shown in FIG. 6, first conduit 37a extends from first
fluid opening 32, passes through the piston receiving opening
364 and into second end portion 275. In a preferred embodi-
ment, second conduit 375 extends through second end portion
27bina direction that is generally parallel to the direction that
the pistons move (the braking direction). Third conduit 37¢
extends from second conduit 376 and to piston receiving
opening 365. Fourth conduit 374 extends from piston receiv-
ing opening 365 back to second conduit 375 and to second
opening 34. As can be seenin FIGS. 5 and 6, bolt 50 is adapted
to direct fluid from second conduit 375 to piston receiving
opening 364 via third and fourth fluid conduits 37¢ and 374.

With reference to FIG. 4, bolt 50 includes head 52, a shaft
54, first and second reduced diameter portions 56a and 565, a
plurality of channels 58 and a blocking portion 59 separating
the first and second reduced diameter portions 56a and 565. In
a preferred embodiment, the shaft 54 of the bolt 50 includes
three axially extending channels 58 arranged circumferen-
tially therearound and spaced apart 120°, as is shown in FIG.
4. However, any number of channels 58 (e.g., one or more) are
within the scope of the present invention. Also, the channels
58 do not have to be spaced equidistant from one another. The
channels 58 preferably extend parallel to the axis of the shaft
54. However, this is not a limitation on the present invention.
For example, the channels could extend in a spiral around the
shaft 54. The goal of the channels 58 is to allow fluid to flow
from the end of the shaft 54 furthest from the head 52 to the
first recessed portion or reduced diameter portion 564 no that
it can be directed to the third fluid conduit 37¢. If the channels
58 were to extend in a spiral shape, it will be understood that
the fluid is still flowing generally axially along the outside of
the shaft 54, but that it is not necessarily parallel to the axis.
Therefore, as used herein, generally axially means the dis-
tance traveled by the channels can be parallel to the axis or
non-parallel to the axis as long as the total distance is further
in an axial direction than in a transverse direction.

As is best shown in FIG. 6, the shaft 54 of bolt 50 is
received in an opening 45 in a fluid coupling unit 40 and is
threaded (via threads 60) into second fluid conduit 375. It will
be understood that the fluid coupling unit 40 is a generic fluid
coupling unit and any such unit is within the scope of the
present invention. As shown in FIG. 8, the fluid path extends
from first fluid opening 32, through first fluid conduit 374 and
piston receiving opening 36a through second fluid conduit
376, through the channels 58, through the first reduced diam-
eter portion 564, through third fluid conduit 37¢, to piston
receiving opening 365, through fourth fluid conduit 374,
through the second reduced diameter portion 565 and out
through the fluid coupling unit 40 to the master cylinder (via
the hydraulic line 86). This is the path that fluid takes when
filling the caliper 11. In other words, all of the fluid conduits
37, reduced diameter portions 56, piston receiving openings
36, channels 58 and the fluid coupling unit 40 are all in fluid
communication along a non-branched continuous fluid path.
In a preferred embodiment, as is shown in FIG. 6, a portion of
the second recessed portion 565 is located in the housing 20
and a portion of the second recessed portion 565 is located in
the fluid coupling unit 40. The assembly can include o-rings
(not shown) between the fluid coupling unit 40 and housing
20 and/or bolt head 52 for sealing the fluid path.
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The interior surface 46 of the opening 45 in the fluid cou-
pling unit 40 has a diameter and has a hole 47 defined therein
that is in fluid communication with the hydraulic line 86
extending from the fluid coupling unit 40. As can be seen in
FIG. 6, the diameter of the second reduced diameter portion
565 has a diameter that is less than the diameter of the inner
surface 46 of the fluid coupling unit 40 and the diameter of the
first reduced diameter portion 56a has a diameter that is less
than the diameter of the inner surface of fluid conduit 375.
This creates a space that is part of the fluid path.

As is shown in FIG. 4, the first and second reduced diam-
eter portions 564 and 565 extend circumferentially around the
shaft 54. In a preferred embodiment, the first and second
reduced diameter portions 56a and 565 extend all the way or
360° around the shaft 54. However, this is not a limitation on
the present invention. In another embodiment, the first and
second reduced diameter portions 56a and 565 may only
extend partially around the shaft 54. It will be understood that
an inventive aspect of the present invention is that at least a
portion of the fluid path extends axially along the shaft 54 and
is open to the outside of bolt 50.

This arrangement of the conduits 37 and fluid path through
the bolt 50 makes the entire brake system (from caliper to
lever assembly) easier to bleed than the prior art. As described
above, many prior art systems have branched conduit net-
works. In other words, the fluid enters through an inlet and
then branches to the pistons on either side of the rotor. In the
present invention, the fluid path provides for one-way, con-
tinuous fluid flow with no branches. As shown by the solid
arrows in F1G. 8, this provides a one-way path when filling the
caliper housing 20 with fluid. And, as shown by the dashed
arrows in FIG. 8, this provides a one-way path for bleeding
air/gas, which allows the air/gas to be more easily removed
from the fluid in the braking system. For example, the brake
system bleeding technique taught in the SAINT Braking Sys-
tem Technical Service Instructions (SI-8CZOE), published by
Shimano Inc. in May, 2005, the entirety of which is incorpo-
rated herein by reference, can be used to bleed the brakes. It
will be understood that, as used herein, one-way does not
mean that the fluid can only move in one direction, but it
means that the plumbing or conduit system is not branched.
Fluid going into the piston receiving openings 36 is not con-
sidered a branch.

Referring again to FIGS. 1-3, brake operating mechanisms
28a and 28b are conventional disc brake operating mecha-
nisms. Therefore, brake operating mechanisms 28a and 285
will not be discussed or illustrated in detail herein. It will be
understood that the calipers shown in FIGS. 1-3 are for illus-
trative purposes only. Brake operating mechanisms 28a and
28b are provided to control disc brake assemblies 12 and 14.
Brake operating mechanisms 28a and 2856 are preferably
fixedly mounted on handle bar 19 adjacent the hand portions
of handle bar 19. Accordingly, brake operating mechanisms
28a and 28b are operated in a conventional manner such that
disc brake assemblies 12 and 14 move friction members from
a release position in which bicycle wheels 16 and the disc
brake rotors 18 are free to rotate, and a braking position. Inthe
braking position, disc brake assemblies 12 and 11 apply a
braking force against disc brake rotor 18 to stop rotation of
bicycle wheels 16 and disc brake rotors 18.

Brake operating mechanisms 28a and 286 will now be
described in more detail. Basically, brake operating mecha-
nisms 28a and 285 are designed to actuate the disc brake
assemblies 12 and 14 in a conventional manner to apply a
forcible gripping action on disc brake rotor 18 to stop rotation
of one of the front wheels 16. Brake operating mechanism
28b actuates rear disc brake assembly 14 and brake operating
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mechanism 28a actuates front disc brake assembly 12. Brake
operating mechanism 285 is identical to brake operating
mechanism 28a except brake operating mechanism 286 is a
mirror image of brake operating mechanism 28a. Each of the
brake operating mechanisms 28a and 285 basically includes
a brake lever 80, a hydraulic or master cylinder 81, hydraulic
or master piston 82, and an actuation fluid reservoir 83. Pref-
erably, each of the brake operating mechanisms 28a and 285
is a single unit, which is mounted on handlebar 19.

In particular, referring to either one of the brake operating
mechanisms 28a and 285, brake lever 80 includes a mounting
portion 84 and a lever portion 85. Mounting portion 84 is
designed to be clamped onto handle bar 19 in a conventional
manner. Mounting portion 84 is integrally formed with mas-
ter cylinder 81 such that master cylinder 81, master piston 82
and actuation fluid reservoir 83 are all supported on mounting
portion 84 of brake lever 80. Lever portion 85 is pivotally
coupled to mounting portion 84 for movement between a
release position and a braking position. Normally, lever por-
tion 84 is maintained in a release position in a conventional
manner.

Master piston 82 is movably mounted within master cyl-
inder 81 in a conventional manner. More specifically, actua-
tion fluid reservoir 83 is mounted on master cylinder 81 and is
in fluid communication with the interior bore of master cyl-
inder 81 for supplying actuation fluid thereto. Master piston
82 is connected at one end to lever portion 85 for axially
moving master piston 82 within master cylinder 81. Accord-
ingly, actuation of lever portion 85 causes master piston 82 to
move axially within master cylinder 81. This movement of
master piston 82 within master cylinder 81 directs fluid pres-
sure through a hydraulic line 86 which is coupled to one of the
disc brake assemblies 12 and 14 via fluid coupling units 33.
Thus, the pressurized actuating fluid causes the pistons 24 and
friction members to move so as to engage disc brake rotors 18
to stop rotation of wheels 16.

It will be understood that due to the reversibility of the fluid
path described above, regardless of which reduced diameter
portion, side portion, end portion, conduit, port, piston receiv-
ing opening, etc. is designated as “first” or “second” in the
specification, that when reading the claims below, either of
the reduced diameter portions, side portions, end portions,
conduits, ports, piston receiving openings, etc. can be con-
sidered “first” or “second.” The specific one designated as
“first” or “second” in the drawings is not a limitation on the
present invention.

The embodiments described above are exemplary embodi-
ments of a the present invention. Those skilled in the art may
now make numerous uses of, and departures from, the above-
described embodiments without departing from the inventive
concepts disclosed herein. Accordingly, the present invention
is to be defined solely by the scope of the following claims.

What is claimed is:

1. A bolt foruse with a hydraulic disc brake caliper, the bolt
comprising:

a head, and

a shaft extending outwardly from the head and defining a

longitudinal axis, wherein the shaft includes

a threaded portion formed at a distal end thereof,
wherein the threaded portion has an outer surface and
having a diameter,

at least one channel defined in the outer surface of the
threaded portion and the distal end of the shaft, such
that when the threaded portion is threaded into an
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opening fluid can flow through the channel in a gen-
erally axial direction and past the distal end of the
shaft,

first and second reduced diameter portions defined at
least partially circumferentially around the shaft,
wherein the first and second reduced diameter por-
tions have approximately the same diameter, and

a blocking portion separating the first and second
reduced diameter portions.

2. The bolt of claim 1 wherein the at least one channel
extends parallel to the axis of the shaft.

3. The bolt of claim 2 wherein the shaft includes more than
one channel defined therein that extend parallel to the longi-
tudinal axis of the shaft.

4. The bolt of claim 3 wherein the first and second reduced
diameter portions extend circumferentially around the shaft
and have a diameter that is less than the threaded portion and
the blocking portion.

5. The bolt of claim 4 wherein the first and second reduced
diameter portions and the blocking portion are positioned
between the threaded portion and the head.

6. The bolt of claim 4 wherein the shaft includes three
channels that extend parallel to the longitudinal axis of the
shaft and are spaced about 120° apart from one another.

7. The bolt of claim 2 wherein the channel has a generally
constant depth in a generally axial direction.

8. The bolt of claim 7 wherein the channel extends axially
through the entire threaded portion and at least partially in the
first reduced diameter portion.

9. The bolt of claim 1 wherein the threaded portion includes
a plurality of crests, and wherein the threaded portion has a
generally constant diameter at the crests.

10. A bolt for use with a hydraulic disc brake caliper, the
bolt comprising:

a head, and

a shaft extending outwardly from the head and defining a

longitudinal axis, wherein the shaft includes a threaded

portion formed at a distal end thereof,

aplurality of channels defined in the outer surface of the
shaft and extending approximately parallel to the lon-
gitudinal axis of the shaft,

first and second reduced diameter portions defined cir-
cumferentially around the shaft, wherein the first and
second reduced diameter portions have approxi-
mately the same diameter, and

a blocking portion separating the first and second
reduced diameter portions, wherein the first and sec-
ond reduced diameter portions and the blocking por-
tion are positioned between the threaded portion and
the head, and wherein the channels extend from the
first reduced diameter, through the threaded portion
and through the distal end of the shaft, such that when
the threaded portion is threaded into an opening fluid
can flow through the channels in a direction that is
generally parallel to longitudinal axis of the shaft and
past the distal end of the shaft.

11. The bolt of claim 10 wherein the channels have a
generally constant depth in a direction that is generally par-
allel to the longitudinal axis of the shaft.

12. The bolt of claim 11 wherein the shaft includes three
channels that extend parallel to the longitudinal axis of the
shaft and are spaced about 120° apart from one another.
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